An investigation was undertaken to study the suitability of sugarbeet genotypes and to elucidate their yield related and quality characteristics under subtropical conditions during rabi 2014-2015. Thirteen sugarbeet genotypes were sown in randomized block design (RBD) in a plot size of 36 m 2 having three replications and data were recorded for germination (%), shoot length (cm), root length (cm), total length (root + shoot, in cm), shoot weight (kg), root weight (kg), root/shoot ratio, root girth (cm), root volume (cm 3 ), biological yield per plant (kg), harvest index (%), Brix (°), sucrose (%), purity ( %) in juice and root yield per plot (kg) were recorded. Analysis of variance was significant for traits viz: germination (%), shoot length, root length, total length, root girth, root volume, Brix (°), sucrose (%), purity (%) and root yield per plot. Germination (%) varied from 60% (Calixta) to 89.67% (Cauvery). Magnolia recorded the highest root length (31.33 cm).The most promising genotype for both root girth (cm) and root volume (cm 3 ) respectively was Cauvery (46.25, 1755.78 cm 3 ). Regarding quality, the superior genotype for Brix (°), sucrose (%) and purity (%) was H10671 (18.00, 15.20 and 84.42, respectively). Cauvery (194.51 kg) ranked first for root yield per plot followed by Indus (165.31 kg) and SV 892 (163.85 kg). The correlation coefficients of different traits with root yield and among themselves showed that there were highly significant and positive associations between root yield with total length. (r=0.416), shoot length (r=0.475), shoot weight (r=0.435), root girth (r=0.605), root volume(r=0.538) and germination (%) (r=0.360) while it was negatively correlated with root length and harvest index. Therefore, these traits should be given emphasis while making selections for high yielding genotypes in sugarbeet. The results revealed that the genotypes/varieties of sugarbeet are capable to produce high amounts of root yield and sugar content however, molecular basis of variability and association among the traits needs to be probed further.
INTRODUCTION
Sugarbeet (Beta vulgaris L.) is a cross pollinating plant whose root contains high concentration of sucrose. It is commercially grown for sugar production, especially in temperate countries and accounts for about 25 per cent of worldwide sugar production (Draycott, 2006) . Although, sugarbeet is a temperate crop, the international company "Syngenta" successfully developed some sugar beet genotypes that can be grown under tropical climatic conditions, and hence, the beet is known as tropical sugarbeet. This tropical sugar beet is a short duration crop (5-6 months) with high sucrose content (14-20%) compared to sugarcane which is a long duration crop (12-14 months) with low sucrose (10-12%) content (Syngenta, 2004) . In India, sugarbeet is a new crop and few farmers are growing on a limited area. As such it has good prospects for bridging the gap between present sugar production and anticipated national sugar requirement. In addition to sugar, it provides valuable by products like green beet tops and beet molasses which are of value as cattle feed and in fermentation industry.
Sugarbeet yield is positively affected by the sunny days during the growing season. It needs an optimum temperature of 25-29°C for proper crop growth. Soil temperature also increases the sugar content of sugarbeet shoot. Sugar content becomes the highest when the soil temperature is about 20°C. Punjab state has favorable climatic conditions where sugarbeet can be successfully cultivated. Though it is a short season Rabi crop (sown in October-November and harvested in AprilMay), its yield are equivalent to that of sugarcane and its byproducts can be used for other purposes like animal feed, biofuels, vitamins, bio-plastics, pharmaceuticals etc. It has better tolerance to salinity and sequestration of heavy metals with threshold to salinity tolerance as high as 7 ds/m (Katerji et al, 1997) . Since, the sugarbeet crop matures in AprilMay, when the cane-crushing season is nearly over, it can extend the crushing season of sugar mills by nearly two months.
Improving sugarbeet yield and quality are the main goals of plant breeders to increase sugar production in order to gradually cover gap between consumption and production. Sugarbeet has emerged as a promising entity to be adopted in crop rotation as a winter crop not only in fertile soils, but also in poor, saline, alkaline and calcareous soils. Hence, sugarbeet is capable of occupying an important place in the sugar economy of the country (Iqbal and Saleem, 2015) . Systematic research on sugarbeet has established that the crop can be grown successfully in India as a winter crop. The sugarbeet growing was found to be profitable compared to the existing cropping systems in the post rainy season in Rajasthan, Punjab, Haryana, Maharashtra and North Karnataka (Kulkarni et al, 2013) .
Root yield in sugarbeet is a quantitative trait and has a multiplicative effect of number of component traits. Thus, a thorough understanding of yield contributing traits, interrelationships among them and with root yield is a pre-requisite for selection in breeding programmes. With more variables in correlation studies, indirect associations become more complex and important. Therefore, the study of inter-relationships of root yield and quality traits with other agronomic traits will help in indirect selection for higher root yield and batter quality varieties in the crop. Therefore, for complex characters like yield, selection based on highly correlated component character is more effective than the direct selection (Grafius, 1964) . The existence of association between different characters is usually determined by studying correlations existing between them. With this historical framework and economic value of the crop in mind, an estimation of inter-relationship between root yield and quality traits among modern sugarbeet genotypes under subtropical conditions of Punjab.
MATERIALS AND METHODS
The present study was conducted at the Punjab Agricultural University Regional Research Station, Kapurthala during Rabi 2014-2015 which represents the subtropical conditions of the country. The experimental material comprised of 13 sugarbeet genotypes/varieties (Calixta, SV 894, Magnolia, Shubra, SV 887, H10826, SV 893, H10671, SV 892, Cauvery, Indus, SV 889, SV 891) procured from different sources. All the varieties were sown in randomized block design (RBD) in a plot size of 36 m 2 having three replications with an inter-row and intra-row spacing of 75cm and 15 cm, respectively. All the cultural operations were followed to reach the ideal crop stand. The data were collected on five randomly selected competitive plants and averaged for germination (%), shoot length (cm), root length (cm), total length (root+shoot, in cm), shoot weight (kg), root weight (kg), root/shoot ratio, root girth (cm), root volume (cm 3 ), biological yield per plant (kg), harvest index (%), Brix (°), sucrose(%),purity ( %) in juice and root yield per plot (kg) were recorded. Brix (°) was measured from each plot from fresh roots using hand refractometer. Sucrose (%) was estimated in fresh samples of beet root by using saccharimeter according to the method described by AOAC (1995) and purity (%) in juice was computed by using the equation: Sucrose (%)/ Brix (%) X 100.
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The mean values for all the yield related and quality traits were subjected to statistical analysis as per the analysis of variance for randomized plot design (Gomes and Gomez, 1984) using SAS software ver. 9.2 (SAS Institute Inc.,2003) and interpretations were made accordingly. The correlation coefficients for all the character combinations were calculated as per method given by Al-Jibouri et al (1958) using MVM software.
RESULTS AND DISCUSSION
Analysis of variance was found significant for different sugarbeet traits viz., germination (%), shoot length, root length, total length (root + shoot), root girth, root volume, Brix (°), sucrose (%), purity (%) and root yield per plot while it was non-significant for four traits viz., shoot weight, root weight, root/shoot ratio and harvest index which indicated the existence of sufficient genetic variability among the sugarbeet genotypes used in this study (Table 1) . Ebrahimian et al (2008) also observed the significant differences among the sugarbeet genotypes for various traits under study and reported to represent the difference of genetic potentiality of genotypes.
Seed germination
Plant emergence is influenced most by soil temperature, moisture and aeration plus physical impedance from the soil. Physical impedance relates to the distance seedlings move through the soil to emerge and the structure of the soil that the seed ling has to move through. Therefore, it is essential to sow seeds at optimum depth so as to obtain good percentage of emergence. Germination forms the basis for optimum plant population necessary for securing better yield of any crop. Germination (%) varied from 60 to 89.67% with overall mean of 75.18%. Highest germination was observed for genotype Cauvery (89.67%) followed by SV 887 (86%) and HI 0826 (84.67%).Shoot length for the genotype Cauvery was the highest (54.33cm) while the genotype SV 891 recorded lowest shoot length (32.42cm) with an overall mean of 40.99cm. The average root length was 28.57 cm with the highest root length for the genotype Magnolia (31.33cm) and lowest root length for Indus genotype (23.17cm). Sugarbeet genotypes possessing longer roots are of importance to ensure higher root yields (Table 1) .
Total length of the whole plant ranged from 85.33 cm (Cauvery) to 62.17 cm (Calixta) giving an average of 69.56 cm. The shoot weight for the genotype Cauvery (0.55 kg) was highest among all the genotypes studied where as it was lowest for SV 889 (0.24 kg) with an average of 0.43 kg. Root/ shoot ratio and root weight was maximum for the genotype HI 0826(3.74, 1.63 kg) and minimum for the genotype SV 889 (1.92, 0.82 kg), respectively. Overall mean for both these characters were found to be 2.76 and 1.14 kg respectively.
The most promising genotype for both root girth (cm) and root volume (cm 3 ) was recorded to be Cauvery (46.25,1755.78cm 3 ) followed by SV 892 (41.92cm,1394.33cm 3 )and SV 889 (41.83cm, 1263.19 cm 3 )with overall mean of 37.73 cm and 1093.39cm 3 , respectively. The average biological yield of the sugarbeet genotypes is 1.57 kg. HI 0826 had the highest biological yield (2.06 kg) while Calixta has the lowest (1.10 kg).Harvest index (ratio of economic yield to biological yield) serves as the obvious indicator of the advantage of the economic yield of the crop. Though, the mean harvest index of all the sugarbeet genotypes under evaluation showed an average of 0.73, but it was maximum for the genotype HI0826 (0.79) and minimum for SV 889 (0.66).
Quality characteristics
Regarding quality, the top three significantly superior genotypes for Brix (°), sucrose (%) and purity (%) were H10671 (18.00, 15.20, 84.42), SV 892(17.07, 14.27, 83.60) and SV 891 (16.80, 14.00, 83.43), respectively. SV 887 (15.07, 12 .27 and 81.40, respectively) was found to be most inferior among all the genotypes for Brix (°), sucrose (%) and purity (%). The mean values for these quality parameters were 16.10%, 13.30% and 82.56%, respectively. Similar differences in these parameters were also reported by Radivojević et al (2013) .
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Table2: Mean performance ofyield components and quality traits in sugarbeet.
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Evaluation of Sugarbeet Genotypes Yield
Yield is a quantitative attribute of a complex components and is highly dependent on environmental factors and their interactions besides the influence of genotype. A successful production of sugar beet under subtropical environmental conditions is not possible without the use of varieties highly suitable under these conditions. When the test genotypes ware evaluated for root yield per plot, Cauvery (194.51 kg) ranked first followed by Indus (165.31 kg) and SV 892(163.85 kg) while the average was 147.13 kg. Zahoor (2007) reported that Kawe terma performed better and produced higher beet yield. Balakrishnan and Selvakumar (2008) reported that among the sugarbeet hybrids (Cauvery, Indus and Shubhra), Cauvery performed better in terms of yield and Shubhra recorded higher brix. Similarly, Radivojević et al (2013) in Serbia studied the biological and technological characteristics of 17 commonly grown commercial sugarbeet varieties and reported that the highest yield (106.63 t/ha) was recorded for the variety Marcus and the variety Esprit performed best sugar yielding (16.75%). The best performing variety was Tibor with mean granulated sugar content of 15.71 t/ha.
Correlation coefficients
The correlation coefficients of different traits with root yield and among themselves are appended in Table 3 which showed that there were highly significant and positive associations between root yield with total length. (r=0.416), shoot length (r= 0.475), shoot weight (r=0.435), root girth (r=0.605), root volume(r=0.538) and germination (%) (r=0.360) while it was negatively correlated with root length and harvest index. The inter-relationships among other important traits revealed that root shoot length had significant positive association with shoot weight, root weight, biological yield, root girth and root volume. Similarly, root weight also exhibited significant positive association with these traits. Root girth being an important trait in sugarbeet showed highly significant positive association with shoot length, shoot weight and root volume. The significant positive associations were also recorded for biological yield, root shoot length, shoot weight and root weight, however, root length and shoot length showed negative association with root weight, root girth and shoot root volume. Quality parameters viz., Brix (°), sucrose %, and purity (%) gave non-significant association with root yield per plot but having significant positive associations among themselves. Therefore, these traits should be given emphasis while making selections for high yielding genotypes in sugarbeet. Significant effects of variety have also been reported on sugar content but higher yields of crystalline sugar could be achieved by increasing the yields of beet root as well.
The results revealed that the genotypes/ varieties of sugarbeet have excellent performance characteristics. However, genetic relationships amongst 15 sugarbeet genotypes have not been clearly elucidated. Recently, molecular markers have been used to assess genetic relationships among the genotypes (Shen, 1996) . This needs a further step to study the molecular basis of variability and association among the traits studied in the genotypes evaluated.
CONCLUSION
The above given results revealed that the genotypes/varieties of sugarbeet Cauvery, Indus and SV 892 have excellent performance characteristics. It is evident that they are capable to produce high amounts of root yield and sugar content. However, relationships among root yield and other traits have clearly elucidated the significant and positive role of traits viz. total length, shoot length, shoot weight, root girth, root volume and germination for indirect selection of higher root yield in sugarbeet and be given emphasis during selection process of varieties.
